A brief historical review of lprimary pulmonary arteriosclerosis and hypertension has been given.
imonarv arterial pressure and normal pulmonary capillary pressure in the absence of pulmonary disease, should be extremely suggestive of primary pulmonary hvpertension. An unrelenting downhill course of right ventricular failure is usually seen.
PRIIMARtY pulmonary hypertension has beeni considered a rare disease. This paper is presented for the purpose of adding 10 cases to the literature and discussing the differential diagnosis and pathology. An attempt will be made to discuss the outstanding features of the cases presented with regard to similarities and differences in the literature. The patients in this series have been studied by clinical evaluation, routine laboratory procedures, electrocardiographic tracings, teleroentgenograms, cardiac catheterization, lung biopsy in 1 case, necropsy examination in 4 cases, angiocardiography in 2 cases, and miscellaneous clinical procedures such as circulation times, venous pressures, and pulmonary function studies.
Because of sharp conflicts of opinion in the literature, it is very difficult to know the frequency with which the disease occurs. As with many rare diseases, the discrepancy in reporting has been due in part to the numerous synonyms and variance in the criteria for diagnosis. Ayerza's disease, Ayerza's syndrome, idiopathic pulmonary hypertension, arteriosclerosis of the lesser circulation, idiopathic right ventricular hypertrophy, cardiacos negros, "black cardiac disease," pulmonary Presented before the American Heart Association, New Orleans, La., October, 1955. Abstracted, Circulation 12 Brill and Krygierl3 described the pathology as consisting of intimal proliferation in the pulmonary arterioles resulting in marked narrowing or occlusion of the lumen in many of the vessels and some recanalization. The larger and medium-sized arteries revealed little or no change from normal. There was associated right ventricular hypertrophy and no evidence of valvular damage or left atrial hypertrophy. Cross and Kobayashil4 found similar pathologic changes with marked hyperplasia of the intimal endothelium in the arterioles, venules, and small veins. These changes were seen with right ventricular hypertrophy and rightsided cardiac failure.
Dresdale and co-workers,15 in 1954, described the characteristic lesion as occurring predominantly proximal to the capillaries, which is consistent with our physiologic findings of a normal pulmonary capillary pressure in 3 patients.
Parmley and Jones16 divided the clinical picture into 2 phases, respiratory insufficiency and cardiac insufficiency. The respiratory phase is predominantly characterized by dyspnea. In the second phase, the patient may develop venous distention, progressive peripheral edema, passive congestion, and effusions in the pleural, peritoneal, and pericardial cavities. They believed that syncopal attacks were rare and could be ascribed to cerebral hypoxia.
REVIEW OF PRESENT SERIES OF PATIENTS
In our series exertional shortness of breath was present in every case and is probably the most distressing symptom that these patients have (table 1) .
Dyspnea at rest is a late symptom. More importance must be attributed to this symptom than in most other types of pulmonary congestion. Only 1 of our patients had had orthopnea. Six of our patients have had at least 1 episode of hemoptysis; 3 of them on more' than 1 occasion. Six patients have been cyanotic, though none severely so. One patient was cyanotic shortly before death. Cyanosis was noted by the parents of 1 of these patients at 18 months of age and another at 3 years of age. They are now 13 years and 18 years old, respectively. Four of our patients complained of syncope related to exertion, and 1 patient had numerous "weak spells" with exertion but no loss of consciousness. Coughing was noted in all but 1 however, from an occasional dry cough to severe episodic bouts productive of frothy, purulent, or bloody sputum. Chest pain was present in 4 of our patients and was severe in 2 of them. Chest pain was predominantly substernal in character, and, in some, with radiation down both arms on exertion. The pain was at times relieved by nitroglycerin. In some, "catching" chest pain with respiration between these episodes was present. The substernal pain may in part be due to pulmonary hypertension and also to coronary insufficiency.
All except 2 of our patients were slender and undernourished (table 2) . Systemic hypertension was not present in any of them. Three were cyanotic when first seen, and 3 others were cyanotic shortly before death. Minimal clubbing of the fingers was present in 1 patient. The lungs were usually clear to physical examination, though bilateral crepitant rales were noted in 1 case, and evidence of pleural effusion in 1 case. Right ventricular overactivity was present in all cases. The heart was enlarged to the left of the midelavicular line by percussion in all but 1 case and to the right of the sternum in 5. Thrills were palpable along the left sternal border in the third and fourth interspaces in 2 patients. All of our patients had a regular sinus rhythm with a pulse rate of between 70 and 130/min. P2 was loud and greater than A2 in all except 1 case. Eight of our 10 patients had murmurs. These were predominantly pulmonary systolic murmurs, though pulmonary diastolic murmurs were noted in 2 instances. Two patients had an apical systolic murmur, and 2 patients had a questionable apical presystolic murmur. In 6 cases the liver was moderately enlarged and tender.
Teleroentgenograms and fluoroscopy revealed right ventricular hypertrophy, prominent pulmonary arterial segments, and frequently dilated pulmonary trees well out into the lung parenchyma (table 3) . In some, marked pulsations were seen in the pulmonary hilar vessels. In addition, uniform lack of parenchymal lesions and failure of the left atrium to show enlargement helped complete the picture ( fig. 1) .
The electrocardiographic tracings indicated right ventricular hypertrophy in 9 of 10 cases. In 2 of the far-advanced cases ischemic T wave changes were also noted. No excessive P wave changes were noted ( fig. 2) area. Cardiac outputs were reduced in the 2 patients in whom they were obtained.
Cross and Kobayashi'4 reported that a 20-month-old infant who received 75 ml. of saline and 25 ml. of plasma suddenly became cyanotic, collapsed, and died almost instantaneously. In 1 patient in whom all the catheterization procedures had been successfully completed, a final 25 ml. of Diodrast was injected into the pulmonary artery; the patient almost immediately developed a convulsive seizure, became cyanotic, and died. These experiences emphasize the relative rigidity of the pulmonary vascular tree and the possible high degree of "precapillary block" in such patients, and suggest the need for extreme caution in carrying out catheterizations. Unless the case is quite unusual, we believe that catheterization should not be performed.
Dresdale and co-workers'5 noted that the ventilatory capacity was reduced at rest, and the rise with exercise was less than expected. In 2 of our patients with extensive pulmonary function studies, the only abnormality noted was a slight diminution in the timed vital capacity. The most characteristic findings of primary pulmonary arteriosclerosis were those in the lung microscopically and in the heart grossly. The heart was enlarged as a result of right ventricular hypertrophy (fig. 3) (fig. 4) . The capillaries showed no changyes. Occasionally, soft, small, yellow, raised atheromnatouis plaqtues were found in the major pulimoniarv arteries; they wvere noted in 2 of our patients. In the middle-sized and smnaller arteries antd arterioles, there was a marked increase in the depth of subendothelial space due to mIumerous lipoid-laden mesothelial cells. Occasionially, cholesterol clefts were present, btut calcification was not promineat. This fatty material stained positively with Sudan III. The intimna was usually intact but fre(lueintly the lumI1iiia of these small vessels have been completely obliterated by organize(l thr onibl)i anlld subintimal fibrosis.
In some areas, there was evidence of recanalization. Fresh thrombi were not observed in this study. A notable finding was the distinct thickness of the musculature of the smaller arteries and arterioles, which by differential staining technics proved to be an increase in fibrous connective tissue without increase in muscular component. The elastic lamina were usually quite prominent and appeared to be intact by special elastic stains.
In 1 patient, areas of organizing pneumonia and areas of thickened alveolar septa due to old inflammatory reaction were seen. Emphysema was also frequently observed.
Microscopically, the myocardium of the right ventricle showed only evidence of hypertrophy with large "boxcar"-shaped nuclei and large muscle bundles. Frequently, the myocardium showed evidence of focal myocardial fibrosis.
Our 4 necropsied cases all showed evidence of right ventricular hypertrophy. There was marked hypertrophy of the intima in the pulmonary arterioles. In 2 there were atherosclerotic plaques in the pulmonary artery. In 1 there was a questionable malformation of the arterioles and capillaries. The pulmonary parenchyma was normal, and the left atria were normal in all cases. In 1 case multiple small peripheral infarctions were seen. DIFFERENTIAL DIAGNOSIS Eisenmenger's complex can be differentiated with exercise, according to Dexter,"9 because of the much greater increase in pulmonary arterial pressure in primary pulmonary hypertension. He further believed that the pulmonary capillary pressure would be normal, despite the elevated pulmonary arterial pressure, and found it so in 3 of the 4 cases he catheterized. Capillary pressures may also be normal in Eisenmenger's complex. Right ventricular oxygen step-up, angiocardiograms, and dye-dilution curves aid in making this differentiation.
Interatrial septal defects reveal evidence of a left-to-right shunt on cardiac catheterization and, in some, it may be possible to direct the catheter tip through the septal defect into the left atrium. Electrocardiographic tracings usually show conduction disturbances, most commonly right bundle-branch block or atrioventricular blocks, unlike primary pulmonary hypertension, which shows only right ventricular hypertrophy, with or without ischemic T wave changes.
Mitral stenosis may present a history of previous active rheumatic fever. The P waves on the electrocardiographic tracings are frequently broadened and notched and right bundle-branch block is frequently seen. The teleroentgenogram in the right anterior oblique position usually reveals left atrial hypertrophy. An opening snap or presystolic localized apical murmur helps differentiate the condition, although rarely the presystolic component may occur in association with primary pulmonary hypertension. Congenital mitral stenosis does not always show left atrial enlargement by fluoroscopic examination, and without pulmonary "wedge" pressures may be confused with primary pulmonary hypertension. Endocardial fibroelastosis occasionally must be considered in the pediatric age group, but the electrocardiogram aids in the differentiation. In endocardial fibroelastosis there is usually subendocardial injury and left ventricular hypertrophy. Cor triatriatum must be ruled out by the same method as congenital mitral stenosis, since they cannot be separated clinically.
Pulmonary stenosis with its loud systolic murmur and its diminished or absent second pulmonary second sound must also be ruled out. The post-stenotic dilatation of the pulmonary artery, frequently seen on the left with relatively clear lung fields, combined with high right ventricular pressure and normal or low pulmonary arterial pressure helps to establish its identity.
Because of the syncope Dressler'8 emphasized the necessity of ruling out neurosis and hysteria. He believed the mechanism of syncope may be due to decreased cerebral blood flow secondary to decreased cardiac output or to vasovagal reflex. Dressler stressed the importance of effort syncope as an early manifestation of primary pulmonary arteriosclerosis.
He suggested that it is due to a reflex mechanism originating in neuroceptors in the wall of the pulmonary artery, using the vagus nerve as an afferent pathway, and resulting in a fall of the systemic blood pressure and inhibition of the heart beat. Syncope is usually not encountered with mitral stenosis, the congenital heart diseases with which primary pulmonary hypertension might be confused, or chronic cor pulmonale. 2 patients in whom we used oral Priscoline, no apparent symptomatic improvement was noted. Because of the occasional tendency to spontaneous pulmonary thrombosis, anticoagulant therapy might be considered, but it has not been used as yet to our knowledge. SUMMARY A brief historical review of primary pulmonary arteriosclerosis and hypertension has been given. Ten additional cases with detailed laboratory, roentgenographic, electrocardiographic, cardiac catheterization, and angiocardiographic studies are presented. The findings on 4 necropsied cases are also included. Progressive exertional shortness of breath, syncope, and left chest pain with roentgenographic and electrocardiographic evidence of right ventricular hypertrophy, pulmonary arterial dilatation, high right ventricular and pulmonary arterial pressure, and normal pulmonary capillary pressure in the absence of pulmonary disease should be extremely suggestive of primary pulmonary hypertension. An unrelenting downhill course of right ventricular failure is usually seen.
SUMMARIO IN INTERLINGUA
Es presentate un breve revista historic de primari arteriosclerosis e hypertension pulmonar. Es addite dece nove casos con detaliate studios laboratorial, roentgenographic, electrocardiographic, de catheterisation cardiac, e angiocardiographic. Es etiam includite le constatationes de 4 necropsias. Progressive dyspnea post effortio, syncope, e dolores sinistrothoracic con evidentia roentgenographic e electrocardiographic de hypertrophia dextero-ventricular, dilatation pulmono-arterial, alte pression dextero-ventricular e pulmono-arterial, e normal pression pulmono-capillari in le absentia de morbo pulmonar deberea esser prendite como un forte indication de hypertension pulmonar. Un persistente deterioration del disfallimento dextero-ventricular es usualmente a notar.
